Abstract. While large volumes of relevant educational resources are available currently online, almost all existing resources have been designed for relatively large screens and relatively high bandwidth. Searching for the proper interface to access multiple resources from a mobile computer we have selected an approach based on self-organized hypertext maps. This paper presents our approach and its implementation in the KnowledgeSea system. It also discusses the ongoing work on using our approach with very narrow screens of Palm-like devices.
Introduction
Large volumes of relevant educational resources are available currently on the Web for the students. Altogether, they well complement course textbooks and enable the students with different level of knowledge or different learning styles to get a better comprehension of the subject. The current model of accessing these resources from computers at home or at the university labs is a restriction -like a requirement to read a textbook always at home or in class, but not outside, in a café, or while riding a bus. The use of mobile wireless handheld devices potentially allows the students to access educational resources really "anywhere". Moreover, the success of mobile e-books shows that the users are quite willing to read predominantly textual sources on mobile devices. The bottleneck here is finding a relevant educational resource that currently demands large screens and high bandwidth (Figure 1) .
Searching for the proper interface to access multiple resources on a mobile computer we have considered several options and finally selected an approach based on self-organized hypertext maps. This paper presents our approach and its current implementation -the KnowledgeSea system that can be used successfully with a number of mobile devices with landscape-style screen (such as HP Jornada organizers). It also discusses the ongoing work on using our approach with more narrow screens of Palm-like devices. 
The KnowledgeSea Approach
The core of our approach to navigating educational resources is a self-organized hyperspace map automatically built using a Self-Organizing neural Map (SOM) [2] . SOM is a very attractive technology for developing compact maps of large hyperspaces [3] since it builds a map representing the neighborhood relationship between the objects. A two-dimensional 8-by-8 map of educational resources developed with SOM technology is a core of our KnowledgeSea system for mapbased access to multiple educational resources ( Figure 2 ). KnowledgeSea was designed to support a typical university class on C programming. In this context, the goal of the students is to find most helpful Web-based material as a part of readings assigned for every lecture in the course. The most easily available Web educational resources are multiple hypertextual C tutorials (see for example http://www.le.ac.uk/cc/iss/tutorials/cprog/cccc.html). In this context, the goal of KnowledgeSea system to help the user to navigate from lectures to relevant tutorial pages in multiple tutorials and between them. The main component of the interface is a KnowledgeSea map -a table in which each cell is used to group together a set of educational resources (Figure 2 ). The map is organized in a way that resources (web pages) that are semantically related are close to each other on the map. Resources located in the same cell are considered very similar; resources located in directly connected cells are reasonably similar and so on. Each cell displays a set of keywords that helps the user to locate the relevant section on the map. Some cells also display links to "critical" resources that serve as origin points for horizontal navigation. The map serves as a mediator to help the user navigate from critical resources to related resources. For lecture-to-tutorial navigation the critical resources are lectures and lecture slides. The presence of related educational resources in the cell is indicated by a red dot. The cell color indicates the "depth of the information sea" -the number of resource pages lying "under" the cell. A click on the red dot opens a cell content window (right on Figure 2 ) that provides a list of links to all tutorial pages relevant to this cell. A click on any of these links will open a resource-browsing window with the selected relevant page from one of the tutorial. This page is loaded "as is" from its original URL. The functionality and the usefulness of our map-based information access approach was evaluated it in the context of a real Programming and Data Structures course at the University of Pittsburgh. The characteristics of the SOM, the implementation details of the KnowledgeSea system, and some results of this study were reported in [1] . We were very encouraged to find that about 2/3 of the 21 students participated in the study thought that the system has achieved the goal of providing an access to the online C tutorials completely or "quite well". The overall idea to attach the resources to cells on a map and show where the lecture belongs was considered "very easy" by the 19% of the students and "quite easy" by the 42.8%. Interesting is that when asked in which context they would expect to use the KnowledgeSea system from a mobile device, the majority of the students have selected only home or library. Only few of them have indicated an interest to use the system in a bus, park or from "anywhere when I have some spare time". It is not clear yet whether this answer was caused by the nature of information access task, the nature of the system or simply by the students' prejudice to using computers in a familiar context. 
Current and Future Work: The Narrow Screen Challenge
The original platform for our experiments was a desktop PC and the HP Jornada organizer with a relatively wide screen. In this context we have been working with an 8x8 SOM map (Figure 2) . The "learning" (organizing) stage of the SOM map in this case was not complicated and the standard value of parameter sufficient. Overall, we can conclude that SOM-based access to multiple information resources in the investigated context is a very useful technology. The 8x8 map that we have explored has worked well for the students. This map is large enough to provide a reasonable split of diverse content, yet is small enough to fit a Jornada-like handheld. We plan to continue investigating the same map and the same interface for the context of a larger hyperspace of educational material (6 or more external tutorials instead of 3).
Our new challenge is to make our technology work on a narrow Palm-like screen that is more typical for handheld organizers. As soon as wireless cards become available for the Palm platform, we have started to experiment with Palm devices equipped with Blaser™ Web browser. We have found that with this browser the narrow Palm screen can fit only 3-4 cells of our original text-based map in a row. Since we want to avoid horizontal scrolling, we have started with exploring an unusual 4x15 map geometry. Unfortunately, for this geometry the learning stage of the SOM map was more complicated and the results are not satisfying even with extra efforts to split the learning phase in three sessions and to use non-standard values of the parameters. The four-cell width was apparently not enough to organize an information space without "twisting" as it can be seen on Fig. 3 . In this figure it is possible to see the lattice of the network obtained after the learning stage. The lattice is irregular and this is the reason why the resulting map did not look intuitive and contained too many cells with no information items. We concluded that this map could be more confusing than helpful for the students.
Instead of continuing our experiments with narrow maps we are going to stay with wider maps and now attempting to develop a better interface for using reliable 8x8 maps on Palm platform. Our intention is to change the visualization metaphor to make the system suitable also for the smaller Palm-style wireless devices. At the moment we are considering two options: to switch from text-based visualization to graphical metaphor to fit the PDA screen or to use hierarchical maps. Although hierarchies can be difficult to manage in this application they can be a feasible way to guide the user in navigation.
